Zinc oxide (ZnO) nanoparticles are used for the synthesis of various materials. The nanoparticles, when entering into the environment, affect aquatic life. Their antibacterial properties deter the biological treatment process of wastewater treatment plants. The study focuses on the effectiveness of ultrafiltration (UF) membranes for the removal of ZnO nanoparticles. In this study, a commercial membrane was used for the separation of ZnO nanoparticles in the presence of natural organic matter (NOM) and alkalinity. Membrane flux and retention were studied for different concentrations of ZnO (1 mg/L, 10 mg/L, and 100 mg/L). Bare and fouled membranes were studied using a scanning electron microscope (SEM), energy-dispersive X-ray (EDX), and atomic force microscopy (AFM). At higher concentrations (>10 mg/L), ZnO nanoparticles tend to aggregate and increase in size, resulting in 95 to 98% retention. Further, the presence of NOM and alkalinity enhances particle-particle interactions and thereby promotes nanoparticle aggregation, which shows better retention even at lower concentrations (1-10 mg/L).
As natural water is used as a source of drinking water, this water needs to be free from nanomaterials. Various studies have attempted to understand the removal of nanomaterials from water using different unit processes. Studies on nano- This indicates a knowledge gap, and presents a question to address. The present work studied the effectiveness of the membrane filtration process for the separation of ZnO, and its behavior in the presence of NOM and alkalinity.
MATERIALS AND METHODS
A suspension of ZnO nanoparticles of 5 × 10 5 mg/L concentration (99% metal base purity) and humic acid were purchased from Sigma Aldrich, India. All other chemicals were of analytical grade and were used as received.
Polyethersulfone (PES) membranes (10, 20, 30, 50, and 100 kDa) were obtained from Microdyn-Nadir, Germany.
Different concentrations of ZnO solution (1 mg/L, 10 mg/L, and 100 mg/L) were prepared in double distilled water. The nanoparticles were dispersed for 20 min in an ultrasonicator. (1) and (3), respectively, and flux normalized was calculated by Equation (2).
ZnO concentration was measured as Zn þ2 ions using an atomic absorption spectrophotometer (AAS, Electric Corporation, India), and humic acid concentration was determined using a total organic carbon (TOC) analyzer (Schimadzu TOC-Vcsh, Japan). Alkalinity was studied fol- 
RESULTS AND DISCUSSION

Membrane characteristics
The porosity and pore size of the membrane were found to be 18% and 0.028 μm, respectively. The contact angle of the membrane was 80.6 W ± 0.6 W . Thus, the membrane is an ultrafilter and hydrophilic. The SEM image of the membrane indicates an asymmetric structure, with a separation layer on top of the support layer ( Figure 1 ).
Membrane filtration of ZnO The SEM of the bare and fouled membranes shows the deposition of ZnO as a cake layer on the membrane surface during filtration (Figure 3) . It is evident that the cake layer is predominant at higher concentrations of ZnO solutions (10 mg/L to 100 mg/L) than at a lower concentration
(1 mg/L). The initial smooth surface of the membrane gets replaced by ZnO flakes (Figure 3) . The retention of ZnO on the membrane surface was further confirmed by EDX analysis, where Zn was found in the fouled membranes (Figures 4(c)-4(d) ) and not in the bare membrane (Figure 4(a) ).
AFM images of the bare membrane and fouled membranes show differences in the surface topography of the membranes ( Figure 5 ). The fouled membranes show an increase in height in comparison to the bare membrane.
The surface topography of the fouled membranes increases were prepared and passed through the membrane. Figure 6(a) with NOM shows that membrane flux decreases with time;
similarly, the presence of NOM and alkalinity in the solution reduces the flux (Figure 6(b) ). It is interesting to note that at concentrations of 1 mg/L and 10 mg/L, the change in flux is not much different between the solution with NOM and with NOM and alkalinity. In both the experiments it varies from 0.8 to 0.6. However, at higher concentrations (100 mg/L), the flux reduction is much In the present study, real water collected from a river (Yamuna River water, Delhi) and spring (Sahastradhara, Dehradun) spiked with 10 ppm ZnO were studied to understand the effect of NOM and alkalinity, and other dissolved ions on membrane filtration (Supplementary information, available with the online version of this paper).
The characteristics of the water are different from each other as the geology of the area is different. The spring water originates in a limestone terrain and the river water flows through a sandstone terrain; furthermore, the river water is contaminated as it flows through the city. A real water filtration study shows little difference to that of synthetic water. However, long-term filtration is necessary to establish the fouling tendency of the membranes with real water.
CONCLUSION
The efficiency of membrane filtration for the retention of ZnO nanoparticles in the presence of NOM and alkalinity was studied. At concentrations greater than 10 mg ZnO/L the nanoparticles tend to aggregate and grow larger than the pore size of the UF membranes. Further, in the presence of NOM and alkalinity, the discrete ZnO nanoparticles aggregate with NOM acting as a bridge between the removed by the membrane filtration process, and this process can be considered as a polishing step during wastewater treatment and as a pre-treatment step during water purification for drinking water. The waste stream containing concentrated ZnO nanoparticles in the water filtration process could be studied to reuse for further applications, e.g., as a photocatalyst in wastewater treatment, paints, and electronic devices.
